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Coherent Elastic neutrino-
Nucleus Scattering (CEVNS)
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PHYSICAL REVIEW D

If there is a weak neutral current, then the elastic scattering proces
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have a sharp coherent forward peak just as ¢ + A —e + A does.
peak can give important information on the isospin structure of the neutral current. The

experiments are very difficult, although the estimated cross sections (about 107%% em? on

carbon) are favorable. The coherent cross sections (in contrast to incoherent) are almost

energy-independent. Therefore, energies as low as 100 MeV may be suitable. Quasi-

coherent nuclear excitation processes v + A —v + A*provide possible tests of the conservation of

the weak neutral current. Because of strong coherent effects at very low energies, the

nuclear elastic scattering process may be important in inhibiting cooling by neutrino 3

emission in stellar collapse and neutron stars.

Cross-section (10 cir?)

COHERENT Collaboration, Science (2017)
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COHERENT experiment
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Fig. 2. COHERENT detectors populating the “neutrino alley” at the SNS
(34). Locations in this basement corridor profit from more than 19 m of
continuous shielding against beam-related neutrons, and a modest 8 m.w.e.
overburden able to reduce cosmic-ray induced backgrounds, while
sustaining an instantaneous neutrino flux as high as 1.7 x 10" v, / cm?s.

COHERENT Collaboration, Science (2017)



COHERENT data

134 + 22 events observed 173 + 48 events predicted
6.70 CL evidence for CEVNS
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Simulation

Stopped ™~ captured on target nuclei
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r = 0.08 is the number of neutrinos per favor for each proton on target

Npor = 1.76 X 1023 is the total number of protons delivered to the target

L = 19.3 m is the distance between the source and the Csl detector

Mmger = 14.6 kg is the mass of detector, M, is the molar mass of Csl
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Sterile neutrinos: Anderson et al. 2012; Dutta et al. 2015; Kosmas et al. 2017

Neutrinos magnetic moment: Dodd et al. 1991; Scholberg 2005; Kosmas et al. 2015

Light dark matter:  deNiverville et al. 2015

. _ Barranco et al. 2005, 2007; Scholberg 2005;
Nonstandard neutrino interactions: Dutta et al. 2015; Lindner et al. 2016; Dent et

al. 2016; Coloma et al. 2017; Shoemaker 2017
see also  COHERENT Collaboration, Science (2017), Coloma et al. 1708.02899



Matter NSI

Neutral current

Wolfenstein, Phys. Rev. D 17, 2369 (1978)
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f=u.de J=ud, Farzan, Phys. Lett. B748, 311 (2015)

Light mediator, my ~ 10 MeV, gx~107>, e~0(1)



Light mediator

A purely vector mediator Lst = —g (770 + iy + wy"u + dyPd) Z,

Modified effective charge
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12 bins, 6<PE<30
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For very light mediators, i.e., My, < 50 MeV, the limit is only sensitive to g, while

2
the NSI matter effect is sensitive to 152 , hence the COHERENT constraint does not
VA

apply to matter NSl induced by a very light mediator.
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Heavy mediator
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Effective NSI parameters
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Break the generalized MH degeneracy; see Peter’s talk
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Summary

We analyzed the COHERENT spectrum to constrain NSI.

* For a lighter mediator, COHERENT data only constrain
the mediator coupling, and it does not apply to matter
NSI induced by a very light mediator.

 For a heavier mediator, the COHERENT constraints are
weakened by degeneracies between different
combinations of NSI parameters. However, the data can
still place meaningful constraints on the effective NSI
parameters in Earth matter since they depend on the
sum of the up-type and down-type NSI parameters.

Thank you!
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Global Analysis

Gonzalez-Garcia, Maltoni [1307.3092 ]
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